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ABSTRACT: 

PROBLEM TO BE SOLVED: To prevent the thermal damages into a semiconductor 
layer through heat treatment at a high temperature to a semiconductor, as well 
as the deterioration of the surface morphology by reducing the temperature of 
the heat treatment. 

SOLUTION: A buffer layer 2 consisting of A1N, an Si-doped n-type GaN layer 
3, a light- emitting layer 4 having a multiple quantum well structure, in which 
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barrier layers 41 composed of GaN and well layers 42 made up of Ga0.8In0.2N are 
laminated alternately, and a p-type GaN layer 5 are laminated and formed 
successively on a sapphire substrate 1. A Co metal thin-film is formed onto 
the layer 5, the resistance of the layer 5 is lowered by heat treatment, and 
the metal thin-film is removed. A light-transmitting (p)-type electrode 6 
consisting of a first metal layer 61 composed of Co and a second metal layer 62 
made up of Au and an electrode pad 7 are formed successively onto the p-type 
layer 5, and an (n) electrode 8, consisting of V and Al or an Al alloy is 
formed onto the n-type layers 3. The first metal layer 61 formed onto the 
p-type layer 5 is composed of Co which is easily oxidized, oxidized Co extracts 
hydrogen from the p-type layer 5 at heat treatment to generate a reducing 
reaction, reduced Co is oxidized again by conducting heat treatment in an 02 
atmosphere, and hydrogen is extracted from the p-type layer 5. In this way, a 
change into a p-type of the p-type layer 5 is promoted, and the temperature of 
heat treatment can be lowered. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The manufacture method of the gallium nitride system compound semiconductor 
characterized by obtaining a lower resistance p type semiconductor by carrying out heat 
treatment after forming the thin film which consists of metal in the surface of a gallium nitride 
system compound semiconductor on which acceptor impurity was added in the method of 
manufacturing a p type gallium nitride system compound semiconductor. 
[Claim 2] Said heat treatment is oxygen (O) at least. The manufacture method of the gallium 
nitride system compound semiconductor according to claim 1 characterized by being carried 
out in the atmosphere to include. 

[Claim 3] Said metal Cobalt (Co), nickel (nickel), aluminum (aluminum), Copper (Cu), 
palladium (Pd), manganese (Mn), and vanadium (V) And the manufacture method of the 
gallium nitride system compound semiconductor according to claim 1 or 2 characterized by 
consisting of at least one sort in gold (Au). 

[Claim 4] Said thin film is the manufacture method of a gallium nitride system compound 
semiconductor given in any 1 clause of the Claims 1-3 characterized by being formed in 5- 
3000A film thickness. 

[Claim 5] The manufacture method of the gallium nitride system compound semiconductor 
characterized by forming an electrode after removing said thin film after said heat treatment. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention - gallium nitride (GaN) a system -- in the manufacture 
method of a compound semiconductor, it is related with the method of forming a lower 
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resistance p type layer especially. 
[0002] 

[Description of the Prior Art] GaN conventionally used as a short wavelength light-emitting 
device material As a method of p-type-izing, it is GaN which doped p type impurities, such as 
magnesium (Mg), for example. It receives and the method of heat-treating by electron 
irradiation processing or nitrogen-gas-atmosphere mind is known. 
[0003] 

[Problem to be solved by the invention] Usually, only GaN which doped acceptor impurity then 
In order for a p type impurity atom not to function as an acceptor since the p type impurity atom 
and the hydrogen atom have joined together, but to operate this p type impurity atom as an 
acceptor, it is necessary to make heat treatment temperature into the high temperature more 
than 700 **, and to make a p type impurity atom and a hydrogen atom dissociate. In order that 
the hot heat treatment to a semiconductor may cause aggravation of surface morphology at 
the same time it gives the thermal damage inside a semiconductor layer, low temperature- 
ization of heat treatment temperature is called for. 

[0004] Therefore, the purpose of this invention is to realize low temperature-ization of heat 

treatment. 

[0005] 

[Means for solving problem] according to [ in order to solve the above-mentioned technical 
problem ] a means according to claim 1 - p type GaN a system ~ GaN by which acceptor 
impurity was added in the method of manufacturing a compound semiconductor a system - 
heat treatment is performed after forming the thin film which consists of metal on the surface of 
a compound semiconductor. GaN by which acceptor impurity was added by this for the metal 
atom which constitutes a thin film at the time of heat treatment In order to draw out hydrogen of 
system compound semiconductor Naka and to cause a reduction reaction, Impurities function 
as an acceptor and it is GaN. P type-ization of system compound semiconductor Naka is 
promoted.-izing can be carried out [ p type ] to the interior, and a lower resistance p type 
semiconductor can be obtained. Moreover, low temperature-ization of heat treatment is 
attained and degradation of the surface morphology in a high temperature region can be 
prevented. 

[0006] According to the means according to claim 2, it is oxygen (O) at least. By performing 
heat treatment in the atmosphere to include, it is GaN. H drawn out from inside An oxidized 
metal reacts and it is H20. It is H in a form [ like ]. although a metal atom is returned by 
missing into a gaseous phase Since it becomes possible for this metal atom to oxidize again 
by oxygen in atmosphere, and to produce a hydrogen drawing-out reaction, lower resistance- 
ization is promoted more, heat-treating at low temperature more as a result -- things are made. 
In addition, 02, 03, CO, C02, NO, N20, and N02, with the atmosphere containing oxygen 
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here, for example Or H20 At least one sort or these mixed gas, Or 02, 03, CO, C02, NO, 
N20, N02, or H20 The mixed gas of at least one sort and inert gas or 02, 03, CO, C02, NO, 
N20, N02, or H20 It says using the mixed gas of mixed gas and inert gas etc. 
[0007] [ according to the means according to claim 3 / the metal which constitutes a thin film ] 
Cobalt (Co), nickel (nickel), aluminum (aluminum), copper (Cu), palladium (Pd), manganese 
(Mn), and vanadium (V) And by consisting of at least one sort in gold (Au), a means according 
to claim 2 is concretely realizable. 

[0008] according to the means according to claim 4, a thin film is formed in the film thickness 
which is 5-3000A - GaN a system — izing of the compound semiconductor can be carried out 
[ lower resistance ] effectively. 

[0009] Moreover, according to the means according to claim 5, by removing a metal thin film 
and forming an electrode on GaN after heat treatment, since alloy temperature can be 
optimized, driver voltage can be fallen. 
[0010] 

[Mode for carrying out the invention] This invention is hereafter explained based on a concrete 
work example. Drawing 1 is GaN formed on silicon on sapphire 1 . It is the mimetic diagram 
having shown the cross-sectional composition of the system compound semiconductor light 
emitting device 10. On silicon on sapphire 1 The buffer layer 2 of about £5nm of film thickness 
which consists of AIN is formed, and it is n type GaN of ab out 4 mi crometers of film thickness 
of a Si dope on it. The layer 3 is formed, this n type GaN a layer 3 top - GaN of about 35A of 
film thickness from - Ga0.8ln0.2N of the barrier layer 41 and about 35A of film thickness which 
changes from - the luminous layer 4 of the multiple quantum well structure (MQW) by which 
the well layer 42 which changes was laminated by turns is formed. There are six barrier layers 
41 and the number of well layers 42 is five. On a luminous layer 4, they are about 250nm of 
film thickness. P type GaNJThgiaye^ is for m ed . P type GaN The 1st metal layer 61 which 
consists of Cn nf ahnuf ifiA nf film thickness by metal vapor deposition on a layer 5, and the 
2nd metal layer 62 which c onsists of Au of about 60A of film thickness are laminated one by 
one, and the p electrode 6 of light transmission nature consists of this 1st metal layer 61 and a 
2nd metal layer 62. Film thickness 1.5 [ about ] which changes from Co or nickel and Au, 
aluminum, or those alloys to the predetermined region on this p electrode 6 The electrode pad 
7 of mum is formed. Moreover, n type GaN On a layer 3, it is film thickness abbreviation. 200A 
vanadium (V) Film thickness abbreviation The n electrode 8 which consisted of 1 .8-micrometer 
aluminum (aluminum) or an aluminum alloy is formed. 

[0011] Next, the manufacture method of this light emitting device 10 is explained. The above- 
mentioned light emitting device 10 was manufactured with the vapor phase epitaxy by metal- 
organic chemical vapor deposition (it omits the following "MOVPE"). The used gas Ammonia 
(NH3) and carrier gas (H2, N2), Trimethylgallium (Ga(CH3)3) (it is described as the following 
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"TMG"), Trimethyl aluminum (aluminum(CH3) 3) (it is described as the following "TMA"), They 
are trimethylindium (ln(CH3)3) (it is described as the following "TMI"), and Silang (SiH4) and 
magnesium cyclopentadienyl (Mg(C5H5) 2) (it is described as the following "CP2Mg"). 
[0012] First, it is MOVPE about the silicon on sapphire 1 of the single crystal which made the 
principal plane a side washed by organic washing and heat treatment. The susceptor laid in 
the reaction chamber of equipment is equipped. Next, it is the flow velocity about H2 at normal 
pressure. Baking of the silicon on sapphire 1 was carried out at the temperature of 1 100 
degrees C, passing to a reaction chamber for about 30 minutes by a part for 2liter/. Next, 
temperature is reduced to 400 ** and it is H2 A part for 20liter/, and NH3 A part for 10liter/, and 
TMA It supplies by a part for 1.8 x10 -5mol/, and is AIN. The buffer layer 2 was formed in about 
25nm film thickness. 

[0013] Hold the temperature of silicon on sapphire 1 at 1150 degrees C, and N2 or H2 A part 
for next, 10liter/, NH3 A part for 10liter/, and TMG 1.12x10 -4mol a part for /and TMA It is 0.86 
ppm by a part for 0.47x10 -4mol/, and H2 gas. Diluted Silang It supplies by a part for 5x10 - 
9mol/. About 4 micrometers of film thickness, concentration of electrons 1x1018-/cm3, silicon 
concentration N type GaN of 2x1018-/cm3 The layer 3 was formed, above n type GaN N2 after 
forming a layer 3, or H2 - a part for 20liter/, and NH3 A part for 10liter/, and TMG supplying by 
a part for 2.0 x10 -4mol/-- GaN of about 35A of film thickness from the barrier layer 41 which 
changes was formed. N2 or H2, and NH3 seting the amount of supply constant - TMG 7.2 x1 0 
-5mol a part for /and TMI supplying by a part for 0.19x10 -4mol/-- Ga0.8ln0.2N of about 35A of 
film thickness from -- the well layer 42 which changes was formed. [ next, ] furthermore - 
forming the barrier layer 41 and five cycles of well layers 42 on the same conditions - an it top 
- GaN from - the barrier layer 41 which changes was formed. Thus, the luminous layer 4 of 
the MQW structure of five cycles was formed. 

[0014] Next, the temperature of silicon on sapphire 1 is held at 1100 degrees C, and it is N2 or 
H2 A part for 20liter/, and NH3 A part for 10liter/, and TMG A part for/, and 1.12x10 -4mol 
CP2Mg It supplies by a part for 2x10 -5mol/. Aboy j 25Qnm of fil m t hir.k npss, and concentration 
P ty pe GaN which doped Mg of 5x1019-/cm3 T he layerS^wasJormed. The p type GaN Co was 
formed on the layer 5 at thickness 100 ** (it vapor-deposits to degree of vacuum 10-3Pa 
order), 02 gas was supplied after that, and it heated about 6 minutes by the pressure of 10Pa, 
and about 650 **. Next/the nitric-acid system etching solution removed Co. Next, p type GaN 
Form an etching mask on a layer 5 and the mask of a predetermined region is removed. P type 
GaN of the portion which is not covered with a mask A layer 5, a luminous layer 4, and n type 
GaN A part of layer 3 is etched by the reactive ion etching by the gas containing chlorine, and 
it is n type GaN. The surface of the layer 3 was exposed. Next, it is n type GaN by the 
following procedures. The n electrode 8 and p type GaN to a layer 3 The p electrode 6 of the 
light transmission nature to a layer 5 was formed. 
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[0015] (1) Apply a photoresist and it is n type GaN by photo lithography. Film thickness 
abbreviation after forming a window in the predetermined region on the exposure side of a 
layer 3 and exhausting to the high vacuum below 10-3Pa order 200A vanadium (V) Film 
thickness abbreviation 1.8-micrometer aluminum was vapor-deposited. Next, a photoresist is 
removed. Thereby, it is n type GaN. The n electrode 8 is formed on the exposure side of a 
layer 3. 

(2) Next, apply a photoresist uniformly on the surface and it is p type GaN by photo 
lithography. The photoresist on a layer 5 is removed and a window part is formed. 

(3) With vapor deposition equipment, they are a photoresist and exposed p type GaN. On a 
layer 5, after exhausting to the high vacuum below 10-3Pa order, Co of about 15A of film 
thickness is made to form, and the 1st metal layer 61 is formed. 

(4) Then, on the 1st metal layer 61, make Au of about 60A of film thickness form, and form the 
2nd metal layer 62. 

[0016] (5) Next, take out a sample from vapor deposition equipment and remove Co and Au 
which were deposited on the photoresist by the lift turning-off method. 

(6) Next, in order to form the electrode pad 7 for bondings in the part on the p electrode 6 of 
light transmission nature, apply a photoresist uniformly and open a window in the photoresist 
of the formation portion of the electrode pad 7. Next, Co or nickel and Au, aluminum, Or it is 
film thickness 1.5 about those alloys, mum grade is made to form membranes by vapor 
deposition, and it is (5). Like a process, by the lift turning-off method, the film which consists of 
Co deposited on the photoresist or nickel and Au, aluminum, or those alloys is removed, and 
the electrode pad 7 is formed. 

(7) Exhaust sample atmosphere with a vacuum pump after that, supply 02 gas, and it is 
pressure. It is referred to as 3Pa and is abbreviation about ambient temperature in the state. It 
is made 550 degrees C. 3 a part grade - heating -- p type GaN Alloying processing with a 
layer 5, the 1st metal layer 61 , and the 2nd metal layer 62, the n electrode 8, and n type GaN 
Alloying processing with a layer 3 was performed. 

[0017] It compares with the former and the light emitting device 10 obtained by the above- 
mentioned method is p type GaN at low temperature (about 650 **). Lower resistance-ization 
of the layer 5 was completed and it became possible by performing alloying processing with an 
electrode by about 550 ** of optimum temperature to reduce driver voltage as compared with 
the former. 

[0018] Drawing 2 is the sample 20 used in order to measure carrier concentration and 
conductivity. The buffer layer 2 and p type GaN which consist of the same composition as the 
composition of drawing 1 on silicon on sapphire 1 The layer 5 is formed. After forming Co 
metal in the layer 5 at the thickness of 100 ** and performing heat treatment for 6 minutes at 
each temperature, it processed with the aqua regia, the metal layer was removed, and it 
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measured by vapor-depositing the nickel (nickel) 9 of about 3000A of film thickness in the four 
corners. Moreover, it measured also about the case where it processes similarly for not 
preparing a metal layer for a comparison object. 

[0019] Drawing 3 is the property figure having shown the relation between heat treatment 
temperature and carrier concentration using the sample 20 of drawing 2 . A result when 0 
mark and - mark prepare a metal layer at the time of heat treatment is shown, and this figure 
shows the case where ** mark and ** mark do not prepare a metal layer at the time of heat 
treatment. Thereby, by preparing and heat-treating a metal layer shows that carrier 
concentration increases and p type-ization is promoted. As for this, a metal layer is p type GaN 
at the time of heat treatment. Since hydrogen is drawn out from a layer 5 and a reduction 
reaction is produced, it is p type GaN. It is because lower resistance-ization of a layer 5 is 
promoted. Moreover, although 0 mark shows the result of having heat-treated in 02 
atmosphere, among the results of having prepared the metal layer and - mark shows the result 
of having heat-treated in N2 atmosphere, carrier concentration is high, namely, it turns out that 
p type-ization is promoted rather than the direction which heat-treats in 02 atmosphere carries 
out in N2 atmosphere. The carrier concentration of about 1x1017-/cm3 is obtained by heat 
treatment of about 550 ** in 02 atmosphere, and the carrier concentration of about 1x1014- 
/cm3 is obtained in heat treatment of about 500 **. This is p type GaN by the above-mentioned 
oxidation-reduction reaction by heat-treating in 02 atmosphere. By the oxidation-reduction 
reaction which drew out hydrogen and continued from the layer 5, it is p type GaN. It is 
because lower resistance-ization of a layer 5 is promoted. Therefore, it is possible by using 02 
atmosphere to obtain 1x1018-/cm3 and the highest carrier concentration by heat treatment of 
about 650 **. On the other hand, in the case of others, the further high temperature service 
was needed, and carrier concentration did not reach to the carrier concentration at the time of 
heat-treating in 02 atmosphere after metal layer formation. 

[0020] Drawing 4 is the property figure having shown the relation between heat treatment 
temperature and conductivity using the sample 20 of drawing 2 . O mark, - mark, and ** mark 
in a figure show the result obtained on the same conditions as drawing 3 . The property shown 
in the same drawing 4 as drawing 3 was acquired. Namely, a metal layer is p type GaN at the 
time of heat treatment. Since hydrogen is drawn out from a layer 5 and a reduction reaction is 
produced, it is p type GaN. Since lower resistance-ization of a layer 5 is promoted, the 
conductivity in which the direction at the time of preparing a metal layer is higher than the case 
where a metal layer is not prepared is obtained. Moreover, by heat-treating in 02 atmosphere, 
the returned metal oxidizes again at the time of heat treatment, and it is p type GaN. Since 
hydrogen is drawn out from a layer 5 and a reduction reaction is produced, it is p type GaN. 
Since lower resistance-ization of a layer 5 is promoted, conductivity still higher than the case 
where it heat-treats in N2 atmosphere is obtained. From drawing 4 , it is abbreviation. 1x10- 
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2/ln order to obtain the high conductivity more than omegacm, if it heat-treats by about 650 **, 
the highest conductivity will be reached that what is necessary is just to heat-treat by about 
550 ** if 02 atmosphere is used. The above thing shows that a lower resistance p type 
semiconductor is obtained by the temperature more than abbreviation 600 **, and heat-treating 
by 650 ** desirably. 

[0021] Above-mentioned drawing 3 and drawing 4 were also the same as when layer 
structures or such laminating structures, such as other Co(es), Au, nickel, Cu, Pd, and Mn, are 
used, although they showed the property when constituting a metal layer from Co. This is p 
type GaN. It is preparing and heat-treating various kinds of above-mentioned metal layers on a 
layer 5, and is p type GaN. Since a metal layer is adsorbed in hydrogen in a layer 5, it is 
because lower resistance-ization is promoted. Furthermore, by heat-treating in 02 
atmosphere, a metal layer oxidizes, the metal layer which oxidized adsorbs hydrogen further, 
and it is GaN. Since lower resistance-ization of a layer 5 is promoted, it is effective if oxidizing 
quality metal is used for a metal layer. 

[0022] In the above-mentioned work example, in the heat treatment after formation of the p 
electrode 6, although 10Pa 02 gas atmosphere was used, even if the pressure of 02 gas is 
more than this, it demonstrates sufficient effect. Moreover, in the heat treatment after formation 
of the p electrode 6, 1% of 02 gas was included to N2 gas, and although heat treatment in the 
atmosphere which set the partial pressure of the 02 gas to 100Pa was performed, the same 
effect was acquired. Thus, the gas which added one or more sorts in N2, helium, Ne, Ar, and 
Kr to 02 besides pure oxygen gas can be used, and pressure and the partial pressure of 02 
can be used altogether in the pressure range mentioned above. 

[0023] Moreover, GaN As for the thickness of the metal layer for lower-resi'stance-izing a layer 
5, it is desirable that it is 5-3000A. It is because the drawing-out effect of hydrogen will become 
weak if the thickness of a metal layer is thinner than 5A, and 02 will become is hard to be 
supplied to p layer and a metal boundary side if thicker than 300A. moreover - although the 
luminous layer 4 of the light emitting device 10 considered it as MOW structure in the above- 
mentioned work example - SOW and GaO.08lnO.92N etc. - from -- AIGalnN of the monolayer 
which changes, other 4 yuan of arbitrary mixed crystal ratios, and three element systems ****** 
- it is good. Moreover, although Mg was used as a p type impurity, 2 group elements, such as 
beryllium (Be) and zinc (Zn), can be used. Also when using the metal electrode of the 
conventional light transmission nature and this invention uses a thick electrode like a flip chip 
type, of course, it can be applied. Moreover, this invention can be used also for a photo 
detector while being able to use it for LED or the light emitting device of LD. At this example, it 
is p type GaN. After lower-resistance-izing a layer 5, the metal layer 9 was removed, but 
without removing this metal layer 9, for example, the different-species metal with which the 
same metal as the metal layer 9 and ohmic nature are obtained may be laminated, and a clear 
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electrode may be constituted. Moreover, you may form the thick metal electrode of the flip chip 
type which consists of a metal of the same kind or of a different kind with which ohmic nature is 
obtained, without removing the metal layer 9. 



[Translation done.] 
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